We investigate the beam-beam interaction in a synchrotron collider, speci6cally studying slow particle difFusion in phase space away from tune resonances. Using the tune and tune shift of contemporary large hadron colliders as reference parameters, our computation shows all particles difFusive after 10 rotations in contrast to previous single particle tracking results. The diffusion coefficients are several orders of magnitude higher than the tracking code and increase exponentially with the action, caused by the collision induced variation of the second moment of the beams (x ). In this paper we investigate the beam-beam interaction with emphasis on subtle particle difFusion away from resonances on time scales of the order of machine operation times ( 104 s). A one dimensional model is employed at the IP so that oscillations in only one transverse direction due to the counterstreaming beams are studied. The rest of the machine is treated by symplectic harmonic transport (betatron oscillations). By employing a fully self-consistent model at the interaction point, an assessment of the relative importance of collisions as a whole and individual "soft" collisions (collective efFects) can be determined. Specifically, we will examine the contribution of self-consistent efFects on particle difFusion after a large number of interactions.
In synchrotron colliders one of the principal limitations on beam intensity is the beam-beam interaction [1, 2] . In the beam-beam interaction each beam imparts an impulse on the other beam at the interaction point (IP) where the beams cross. For the hadron colliders the beam-beam interaction is expected to be crucial, since there is little synchrotron radiation damping to slow beam emittance growth as in electron storage rings [1] .
In this paper we investigate the beam-beam interaction with emphasis on subtle particle difFusion away from resonances on time scales of the order of machine operation times ( 104 s). A one dimensional model is employed at the IP so that oscillations in only one transverse direction due to the counterstreaming beams are studied. The rest of the machine is treated by symplectic harmonic transport (betatron oscillations). By employing a fully self-consistent model at the interaction point, an assessment of the relative importance of collisions as a whole and individual "soft" collisions (collective efFects) can be determined. Specifically, we will examine the contribution of self-consistent efFects on particle difFusion after a large number of interactions.
We briefly describe the conventional tracking and our new 6f codes used to study the beam-beam interaction.
More detailed descriptions of the b f code can be found in other references [3] [4] [5] [6] . The basic principle of conventional tracking codes is to follow the dynamics of single particles around the machine [7, 8] [7, 8] . In tracking code simulations in the weak-strong approximation, transport about one turn is simulated as the product of two matrices, one for the one turn Courant-Synder map [9] , and the other for 1 the impulsive application of the beam-beam interaction discussed above [7, 8] :
where x is the position of the particle, x' is dx/ds, s is the distance along the collider, vp = $ ds/P(s) is the tune, 6vp is the input tune shift, Pp is the betatron oscillation amplitude at the IP, and F(x) is the force of a 1D Gaussian slab: In previous strong-strong treatments the distribution f was represented either by a Gaussian with varying position and width [11] or by a finite number of particles [12] . Each method has its advantages and disadvantages. While the advantage of the Gaussian treatment is the lack of finite particle fiuctuation noise, the disadvantage is that higher moments of the distribution do not evolve. The finite particle method allows the evolution of the higher moments, but is subject to the noise.
The bf method substantially reduces the fiuctuation noise and allows the evolution of higher moments by evolving only the perturbative part of the distribution 
where Eq(z) is the kick from a 
where the weights of particles is; are evolved using Eq. (5).
We examine particle diffusion brought about by the where Di is calculated on shorter time scales than D2, then the motion is merely phase space oscillations. In Fig. 1(a) Fig. 1(a) is the tune shift of the large J particles. Sample particles with large J are in resonance with the 0. variation. Sample particles with small J have a characteristic frequency f in their motion which is higher than the cr frequency and are not in resonance. Therefore, the main contribution to the diffusion of the large J particles is resonance overlap [1] . Figure 1(c) shows the difFusion coefficients obtained from the input of (x ) variation into the tracking code in- eluding only the band of frequencies f shown in Fig. 2 
